Abstract. 2014 Some acoustic devices make use of closed cavities, filled with gas, the dimensions of which are of the same order of magnitude as the acoustic wavelength and the walls of which are perfectly rigid. To know the acoustic response of such small cavities, driven by a mechanical or a thermodynamical source, one needs to take into account the damping processes. In this case they are essentially due to viscous and thermal effects in the boundary layers and are described as a finite apparent acoustic impedance depending on the modes. In this paper, the sound field is determined in a « rectangular » enclosure excited by a point source and is described by a modal theory. The Qfactor is calculated and its properties are discussed and compared with experimental results. The agreement is quite good.
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43.60 - 43.20 Introduction.
In the past, a few works have been devoted to the problem of determining the boundary layer attenuation of acoustic modes in tubes with rigid walls by using the conservation of energy law (see for example [1] ) or, more recently, by solving the boundary problem for the first lower modes [2] ; at the same time, the determination of the field distribution inside cavities, filled with gas, assuming classical Neumann or mixed boundary conditions, has received considerable attention (see for example [3] ). But some acoustic devices make use of small cavities, driven by a mechanical or a thermodynamical source, the dimensions of which are of the same order of magnitude as the acoustic wavelength and the walls of which are assumed to be perfectly rigid. So, to know the acoustic response of such cavities, one needs to take into account the boundary layer attenuation which may depend on the field distribution over the wall surfaces according to the mode. Here, the sound field is determined in a three dimensional rectangular enclosure excited by a point source (a loudspeaker coupled to the cavity through a thin hole), and the viscous and thermal effects in the boundary layers are adequately modelled by a finite apparent acoustic impedance depending on the incidence angle of the wave on the wall. The solution appears as a sum of modal terms.
The Q-factor is calculated and its properties are discussed (its values are much higher than those which usually occur in acoustic tubes for example).
The beginning of the paper is concerned with the analysis of the stationary acoustic motion in terms of normal modes of the cavity, assuming a very small damping. The [4] , p. 475).
Throughout the paper, equation (5) (2) to (5) give, to the second order in B j :
where we assumed that k -knlnZn3 which is the resonant frequency of the mode (nl n2 n3).
Inserting this expression in the equation (6), we obtain :
3. Standing waves and forced motion.
The amplitude of the resonances inside a cavity can be determined in terms of the Q-factor Qnln2n3. In order to carry out this analysis, we study the behaviour of a steady-state situation representing the spatial distribution of the radiation from a point source of angular frequency co at a point ro inside the cavity or on its walls. A common procedure for solving this problem is the classical method of eigenfunction expansion. The velocity potential at a point r produced by a point source of unit strength is the Green function (see [3] [5] . In this case, we only have to modify the expression of the specific-heat ratio (y) in the results given below [4] .
The variables describing the dynamical and thermodynamical state of the fluid are the acoustic pressure (p), the particle velocity (v), the fluctuating part of the density (p'), the entropy variation (s) and the temperature variation (T). The parameters which specify the properties and the nature of the fluid are the ambiant values of the pressure (P), of the temperature (T) and of the density (p), and the viscosity (,u), the bulk viscosity (?I), the coefficient of thermal conductivity (A), the In the special case of an axial mode (0, 0, n), which can be monitored properly, taking into account that k =, nir/13, we accordingly obtain For air at atmospheric pressure and room temperature, in a cavity having dimensions 2.7 x 3 x 4 cm, one has :
Making use of the Prandtl number Pr = ,uCp/À.M, which is nearly equal to 4 y/(9 y -5) (see [7] for example), and assuming the well-known properties of perfect gases, the expression (25) yields :
The quality factor corresponding to an axial mode (00n) is expressed as a function of several parameters of the system : the serial numbers of the modes n, the dimensions of the cavity lJ, the static pressure P and the absolute temperature T in the cavity, the thermal conductivity coeiticient A, the coefficient y (on which P, depends) and the molecular mass M of the gas. The next section is devoted to the study of the influence of each parameter. 7 . Experimental results versus theoretical predictions.
Some experiments were carried out with a cavity having dimensions 1, = 2.7 cm, 12 = 3.0 cm and 13 = 4.0 cm, with a length tolerance approximately equal to 0.01 cm. The thickness of the walls was equal to 1 cm. A piezoelectric loudspeaker and two electret microphone cartridges were coupled to the cavity through very thin holes (the diameter of the holes was equal to 1 mm). The acoustic source was set at the centre of the wall z = 0 in order to excite only an axial mode (0, 0, n) in the oz direction (Fig. 1) 
